Introduction
Solid substrate room-temperature phosphorimetry (SS-RTP) is widely known as a sensitive and simple analytical technique for the determination of a trace amount of an organic compound. Among the utilizable materials for the substrate, filter paper is the most commonly used. However, it has some drawbacks; e.g., it has considerable background emissions, the removal of which requires a labor-intensive treatment, and continuous dry gas flow through the sample compartment of the spectrophotometer is necessary during a measurement of RTP emissions because moisture and oxygen can quench the emissions of the analytes.
For the purpose of overcoming these drawbacks, we have investigated and reported on a new solid substrate prepared from poly(vinyl alcohol) (PVA). The most superior aspect of this substrate is that it does not require any dry gas flush of the sample compartment during an RTP measurement because the RTP intensity on this substrate is very stable, even when exposed to the atmosphere. Furthermore, PVA has negligibly weak background emissions. [1] [2] [3] [4] [5] The presence and/or amount of indomethacin (IM), commonly used as a non-steroidal anti-inflammatory agent, is mainly determined by methods of fluorometry, spectrophotometry, titration, and polarography. Campiglia et al. have already reported on a simple, rapid, sensitive, and accurate method for the determination of IM in pharmaceutical formulations based on paper substrate RTP. 6 They attempted the RTP detection of IM via one of its indole hydrolysis products, 5-methoxy-2-methylindole-3-acetic acid (IM-MMAA).
In this paper, we report on the RTP detection of IM via not only its indole hydrolysis product IM-MMAA, but also another hydrolysis product, p-chlorobenzoic acid (IM-PCBA), on a PVA substrate. Purified distilled water (Milli-Q, Millipore) and ethanol, extra pure grade (Kanto Chemical), were used as the solvent.
Experimental

Materials and reagents
Solutions
Stock solutions of IM and PCBA were prepared in ethanol-water (3:1, v/v).
Working solutions of lower concentrations were obtained by appropriate dilution of stock solutions with ethanol-water (3:1, v/v). Stock solutions of NaOH, TlNO3, KI, KBr, and SDS were prepared in water. Working solutions of lower concentrations were obtained by appropriate dilution of the stock solutions with water.
IM, PCBA, KI, and KBr solutions were stored in amber glassbottles covered with aluminum foil to shield them from light.
Substrates
The PVA granules were ground with a motor-driven mill then sifted through a 250-mesh sieve. Fifty milligrams of an obtained fine powder, having a particle size of less than 63 µm, were pressed with a die normally used to make KBr disks for IR spectrophotometry. After the backside of the disk had been reinforced with cellophane tape, it was cut into 4 × 8 mm pieces that were stuck to a polyester plate (8 × 30 mm) with doublefaced tape. 1 
Procedure
The alkaline hydrolysis of IM was performed by adding an NaOH solution to 0.2 mL of the IM working solution in a 20 mL volumetric flask and letting it stand for 10 min.
Prior to analyte spotting, 5 µL of SDS and heavy atom salt solutions used as enhancers were spotted on the whole surface of the substrate. In cases in which these enhancers were not employed, the same volume of water was spotted. Then, a 10-µL volume of an analyte solution was spotted on the whole surface of the substrate. Spotting was performed by using a microsyringe; the intervals between spottings were 2 min. These standing times before the drying process were necessary for sufficient penetration of the solutions into the substrate. The spotted substrate was laid on activated silica gel in a crucible that was placed in the center of a preheated microwave oven, and dried for 5 min. After drying, the substrate was stuck with double-faced tape to a laboratory-constructed sample holder. The RTP signals were measured by a Hitachi F-3010 spectrofluorometer equipped with a phosphorescence accessory, and a Hitachi F-4500 spectrofluorometer was used for a threedimensional measurement. Because the second scattered light overwhelmed these spectra, a scattered light cut filter was used during measurements of the PCBA and IM-PCBA signals. Excitation and emission slits were set at 10 nm. The structures of the sample holder and the substrate are described in our previous report. 1
Results and Discussion
Phosphorescence measurement of IM IM is easily hydrolyzed in an alkaline medium and gives IM-MMAA and IM-PCBA. 6 In our investigation, IM was hydrolyzed by NaOH. With regard to IM-MMAA, the RTP properties were previously studied on a paper substrate, 6 whereas those for IM-PCBA have not yet been studied. Figure  1 shows the three-dimensional phosphorescence spectra of hydrolyzed IM by NaOH and purchased PCBA. In the spectrum of hydrolyzed IM, there are two emission peaks at λex,em = 297,450 nm and λex,em = 242,440 nm, attributed to IM-MMAA and IM-PCBA, respectively. The assignment of each peak was confirmed by a comparison with data in a previous report on IM-MMAA, 6 and by the measurement of an authentic sample of PCBA, as shown in Fig. 1 . The investigation was performed with these two hydrolytic degradations. However, the second scattered light overwhelmed the shoulder of the spectrum of IM-PCBA. Therefore, when we measured IM-PCBA, a scattered light cut filter was set on the emission side of the sample compartment.
Concentration of NaOH and standing time for a hydrolytic reaction
Sodium hydroxide used for the hydrolysis of IM caused background emissions. Therefore, it was necessary that the concentration of NaOH in the hydrolysis reaction should be set as low as possible. Figure 2 shows the RTP intensity of IM-MMAA as a function of the NaOH concentration with standing times of 10 min and 30 min. The hydrolysis reaction of IM was finished within 10 min, based on the fact that the results did not show much difference between these two standing times. The optimum concentration of the obtained NaOH was 5 × 10 -2 M for 1 × 10 -4 M of IM. Therefore, we adopted the assumption that the molality of NaOH in the hydrolysis reaction was 500-times that of IM.
Effects of heavy atoms, surfactant, and spotting order of analyte and enhancers
The effects of heavy atoms on the RTP characteristics of IM-MMAA are summarized in Table 1 . Three kinds of inorganic salts used as phosphorescence enhancers, including TlNO3, KBr, and KI, were tested on the PVA substrate. KI enhanced the signal of IM-MMAA remarkably. However, KBr and TlNO3 did not act as enhancers.
On the other hand, the RTP signal of IM-PCBA on the PVA substrate did not increase in the presence of these enhancers.
The RTP emission intensity change of IM-MMAA in the presence of various amounts of KI with the passage of time is depicted in Fig. 3 . Although the highest intensity was obtained for the most concentrated solution, the signal intensity gradually 836 ANALYTICAL SCIENCES JULY 2002, VOL. 18 decreased with the passage of time. In this case, the stability of the RTP intensity in the atmosphere, one of the superior points of the PVA substrate, was lost. This phenomenon may be attributed to the adsorption of moisture on the substrate surface, which occurs as a result of the hygroscopic property of KI, and the fact that the RTP measurement was performed without dry gas flush of the sample compartment. Therefore, the most suitable KI concentration was decided to be 2 µmol/spot (5 µL), based on its stability of the phosphorescence intensity in the atmosphere.
It is generally known that SDS improves the heavy atom efficiency on the solid-substrate RTP. [6] [7] [8] [9] The optimum concentration of SDS with KI on the PVA substrate was investigated by monitoring the RTP signal of IM-MMAA as a function of the SDS concentration. The result is shown in Fig.  4 . The highest signal intensity was obtained for an SDS concentration of 0.1 µmol/spot (5 µL). Therefore, we employed this surfactant concentration in this study. More concentrated SDS reduced the IM-MMAA signal. Probably, the excess of SDS caused a matrix prefilter effect and reduced the excitation energy reaching the IM-MMAA molecules.
The RTP intensity changes of IM-MMAA due to the spotting order of the analyte, heavy atom, and surfactant onto the PVA substrate are given in Table 2 . The results show that the RTP intensity was strongly affected by the order of spotting. The maximum phosphorescence intensity was obtained using the spotting order of the surfactant, KI, and IM-MMAA. In contrast, the phosphorescence intensity was remarkably decreased when a mixture of these species was spotted at one time.
Analytical figures of merit
The relationships between the concentration of IM and the RTP intensities of the IM hydrolysis products attributed to IM-MMAA and IM-PCBA were investigated. Although the heavy atom and SDS were used as enhancers for the RTP measurement of IM-MMAA, these enhancers were not used for that of IM-PCBA. The calibration curve of IM-MMAA with the enhancers was linear from 10.7 to 286.2 ng/spot (10 µL), with a coefficient of 0.997. On the other hand, the calibration curve of IM-PCBA without enhancers was linear from 0.36 to 3577.9 ng/spot (10 µL), with a coefficient of 0.984. Therefore, a highly sensitive quantitative analysis could be performed without the use of any enhancers by measuring the RTP intensity of IM-PCBA.
In conclusion, these results indicate that the RTP measurement on the PVA substrate permits a more simple and sensitive assay of IM than does that on the paper substrate. 
